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The decays of B mesons to a pair of charmless pseudoscalar mesons (PP decays) or to a vector and pseudoscalar
meson (V P decays) have been analyzed within the framework of flavor SU(3) symmetry and the Kobayashi-
Maskawa mechanism of CP violation. Separate PP and V P fits proved to be successful in describing the experi-
mental data (branching ratios, CP asymmetries and time-dependent parameters). Decay magnitudes and relative
weak and strong phases have been extracted from the fits. Values of the weak phase γ were found to be consistent
with the current indirect bounds from other analyses of CKM parameters.
1. INTRODUCTION
The main idea behind the study of B me-
son decays is to get precise information on
Cabibbo-Kobayashi-Maskawa (CKM) matrix el-
ements. Testing the Kobayashi-Maskawa mecha-
nism [1] of CP violation in flavor physics requires
many measurements of branching ratios and CP -
violating observables. To consistently compare
different results on common ground it is conve-
nient to express them in terms of constraints on
the apex of the CKM triangle in the ρ− η plane
(Fig. 1) where ρ and η are parameters of the
Wolfenstein parametrization of the CKM matrix.
The weak phase β ≡ arg(−VcdV
∗
cb/VtdV
∗
tb) was
measured in b → cc¯s decays (including B0 →
J/ψKS [2]) with high precision. Currently, this
CKM angle is determined to lie within a 5.8◦ in-
terval, 20.2◦ ≤ β ≤ 26.0◦, at 95% confidence
level [3]. Only indirect constraints exist for the
other two CKM angles, α ≡ arg(−VtdV
∗
tb/VudV
∗
ub)
and γ ≡ arg(−VudV
∗
ub/VcdV
∗
cb), with much larger
allowed ranges: 77◦ ≤ α ≤ 120◦ and 39◦ ≤ γ ≤
80◦ at 95% confidence level.
Decays to two-body hadronic charmless final
states are particularly useful since many of them
involve more than one significant quark subpro-
cess. Typically the weak phase difference be-
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Figure 1. Current constraints on the Wolfenstein
parameters ρ and η [3].
tween tree and penguin-type diagrams is equal
to γ. When the strong phases are substantially
different, too, a decay has the potential for dis-
playing direct CP asymmetries which can be
observed in experiment. A reliable extraction
of γ is dependent on our ability to understand
the pattern of strong phases in as wide as pos-
1
2sible a set of decays. Final state interaction
(FSI) strong phases involve nonperturbative long-
distance physics and cannot be computed from
first principles. A data-driven flavor topology ap-
proach based on the assumption of the SU(3) fla-
vor symmetry [4,5,6] offers a way to extract FSI
strong phases associated with individual topolog-
ical amplitudes together with the weak phase γ
and topological decay amplitudes.
In this analysis, we take flavor SU(3) symmetry
[7,8,9,10,11,12,13] as a working hypothesis. As-
suming factorization, we take account of SU(3)
symmetry breaking effects due to decay con-
stant differences only when relating strangeness-
conserving and strange-changing tree amplitudes.
We do not expect factorization to work in pen-
guin and color-suppressed amplitudes so we don’t
make any specific assumptions beyond the strict
SU(3) symmetry. The ratios of strangeness-
conserving and strange-changing amplitudes for
these two types of amplitudes are assumed to be
completely determined by the ratio of the weak
CKM matrix elements involved in either transi-
tion.
From the results of two separate fits to V P and
PP data one can extract information about fit pa-
rameters (decay amplitudes and their strong and
weak phases), compare with other known con-
straints, and make predictions for as-yet-unseen
decay modes. The V P analysis has particularly
good sensitivity to the CKM phase γ. This is
driven in part by the pattern of tree-penguin in-
terference in a wide variety of hadronic B de-
cays, and in part by the incorporation of time-
dependent information on B0 → ρ±pi∓. The
importance of ρ±pi∓ decays is not surprising as
they were shown to be particularly sensitive to
the CKM weak phase α [14,15]. The values of γ
that are obtained in V P and PP fits are consis-
tent with each other and with the current indirect
bounds [3].
2. V P DECAYS
The analysis of V P decays [4] is based on mea-
surements performed by the BaBar, Belle and
CLEO collaborations on branching ratios, CP
asymmetries and/or time-dependent parameters
in strangeness-preserving ρpi, ωpi, ρη, and ρη′ de-
cays, and strangeness-changing K∗pi, K∗η, ρK,
ωK, and φK decays. The total number of avail-
able data points is 34, including some quanti-
ties that do not affect the fit such as the time-
dependent mixing-induced and direct asymme-
tries in the φKS decay, SφKS and AφKS , and the
CP asymmetry ACP (B
+ → φK+).
Plots of χ2 as a function of γ for three ver-
sion of V P fits are shown in Fig. 2. Three lo-
cal minima are found, around γ = 26◦, 63◦, and
162◦. The solid line represents the fit with no
constraints on the ratio p′V /p
′
P of two different
QCD penguin amplitudes in which the spectator
quark hadronizes inside either a vector or a pseu-
doscalar final state meson.
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Figure 2. (χ2)min, obtained by minimizing over
all remaining fit parameters, as a function of the
weak phase γ. Dashed curve: p′V /p
′
P = −1 (24
d.o.f.); dash-dotted curve: p′V /p
′
P real (23 d.o.f.);
solid curve: p′V /p
′
P complex (22 d.o.f.). Vertical
dashed lines show the boundaries of the favored
95% confidence level range of γ (39◦ − 80◦) from
fits to CKM parameters [3] based on other mea-
surements.
Only one of the three solutions, γ = (63± 6)◦,
3is consistent with the current indirect bounds. It
is also the only one that features small relative
strong phase between two types of tree diagrams,
tV and tP . This feature is consistent with the pre-
dictions based on QCD factorization [16]. With
χ2 = 20.5/22, the solution represents a good de-
scription of the current data within the present
experimental uncertainties.
3. PP DECAYS
A similar analysis of PP decays [5] is based
on measurements of branching ratios, CP asym-
metries and/or time-dependent parameters in
strangeness-preserving pipi, piη, and piη′ decays,
and strangeness-changing Kpi, ηK, and η′K de-
cays. The total number of PP data points is 26.
Several important lessons were learned while
searching for a good PP fit to the current data.
First of all, a large relative strong phase δC ≃
−100◦ between the color-suppressed C and tree
T amplitudes is crucial for getting a satisfactory
agreement between fit expectations and the ex-
perimental data. Although the SU(3) fit to pipi,
piK decays (Fit I of Ref. [5]) is able to accom-
modate the data when nontrivial δC is added to
the fit, it prefers such values for |C| and |T | am-
plitudes that |C/T | ≃ 1.4. Two effects are re-
sponsible for this unusually large amplitude ratio.
One is the presence of final-state interactions, the
other is the importance of a penguin amplitude
Ptu associated with intermediate t and u quarks.
This penguin term features the same weak fac-
tors as tree-type amplitudes T and C. When it is
not explicitly taken into account as a fit param-
eter, it disguises itself as a part of the tree and
color-suppressed amplitudes, interfering destruc-
tively with the former and constructively with the
latter. When Ptu is added as a fit parameter,
the fit to pipi, piK data (Fit II) separates Ptu and
tree-level amplitudes to predict a more reasonable
|C/T | ≃ 0.5 which is still larger than expected.
The values of both the |C/T | amplitude ratio
and the relative phase δC are roughly consistent
with the result for the C/T ratio inferred from
Dpi decays [17,18]. The extraction of this ratio
from charmless PP decays yields a larger |C/T |
ratio and a larger phase than expected from the
Figure 3. (χ2)min, obtained by minimizing over
all remaining fit parameters, as a function of the
weak phase γ. Dashed curve: Fit III of Ref. [5];
solid curve: Fit IV. Vertical dashed lines show the
boundaries of the favored 95% confidence level
range of γ (39◦ − 80◦) from fits to CKM param-
eters [3] based on other measurements.
QCD factorization approach. This indicates that
soft final-state interactions play an important role
in B physics despite the naive expectation that
products of energetic B decays move away too
fast to experience final-state rescattering.
Fig. 3 shows plots of χ2 as a function of γ for
two versions of fits to all PP data, including final
states that involve flavor-singlet η and η′ mesons.
One of the fits (Fit IV) uses Stu, a singlet-penguin
amplitude associated with intermediate t and u
quarks, as a fit parameter, the other neglects it.
Both versions of PP fits have a local χ2 minimum
in the range 39◦ ≤ γ ≤ 80◦ allowed by global fits
to phases of the CKM matrix [3]: γ = (66+12−16)
◦ in
Fit III and γ = (54+18−24)
◦ in Fit IV. The variation
of central values of γ between two fits is about
12◦, providing an estimate of the systematic error
associated with this topological approach.
44. CONCLUSIONS AND NEW DEVEL-
OPMENTS
The decays of B mesons to a pair of charm-
less mesons have been analyzed within a frame-
work of flavor SU(3) symmetry of the topolog-
ical quark diagrammatic approach. Acceptable
separate fits to PP and V P branching ratios
and CP asymmetries were obtained with tree,
color-suppressed, penguin, and electroweak pen-
guin amplitudes. The penguin amplitude Ptu as-
sociated with intermediate t and u quarks was
found to considerably improve the quality of PP
fits. Contrary to expectations, the value of rela-
tive strong phase δC between C and T amplitudes
and the value of the |C/T | ratio were found to be
large, hinting at the presence of final-state inter-
action effects. So far, the data is accommodated
well within the SM; the largest deviation from fit
predictions does not exceed 1.7σ.
New experimental data on Kpi decays [19]
made the so-called “Kpi puzzle” less se-
vere. Rc ≡ 2Γ(K
+pi0)/Γ(K0pi+) and Rn ≡
Γ(K+pi−)/2Γ(K0pi0) are expected to be equal in
the limit of small color-suppressed amplitudes.
The new data determine the difference between
Rc and Rn to be approximately equal to 0.21 ±
0.13. The discrepancy is under 2σ, a smaller sig-
nificance than before.
A joint fit to all data on charmless hadronic
B decays is currently being developed with the
weak phase γ as a common parameter for the
PP and V P sectors of the fit [6]. Just as in the
case of separate PP and V P fits, one can extract
the magnitudes and relative phases of different
topological amplitudes and make predictions for
rates and CP asymmetries in as-yet-unseen de-
cay modes, including Bs decays. Preliminary re-
sults of the joint fit are roughly consistent with
those obtained in the analyses of B → V P and
B → PP decays. The global minimum of χ2 is
achieved at the weak phase γ ≃ 55◦. It favors
γ within the range 51◦–59◦ at the 1σ level, and
48◦–62◦ at 95% confidence level.
I am grateful to Cheng-Wei Chiang, Michael
Gronau, Zumin Luo, and Jonathan Rosner for
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